The effect of salinity and SAR on Gapon selectivity coefficient of two Vertisols , collected from Duhok Governorate in northern Iraq(Summel and Zakho) classified taxonomically as (fine clay-smectitic-calcareous-cracked soils), were studied in a laboratory experiment. Twenty solutions , including five TEC levels (5,10, 20, 50 and 100 mmol c .l -1 and four SAR levels 2.5, 5.0 ,10 and 25( mmol.l) 0.5 were synthesized to equilibrate the soil samples using chloride salts of sodium and calcium, magnesium . SAR of equilibrium solution decreased compared to equilibrating solution especially at high SAR and low electrolyte solutions . At low salt concentrations , the dissolution of CaCO 3 and Ca bearing minerals causes a decrease in SAR of the equilibrium solution but their effect becomes less at high electrolyte concentrations . Exchangeable sodium increased with increase in SAR and TEC . Irrecpective of TEC , NaX increased by about 2.8-fold and 0.8-fold and irrecpective of SAR , the increase was about 1.3-fold and 2.1-fold for Summel and Zakho sites respectively. An increase in ESP was observed when correction for anion exclusion was calculated especially at higher TEC level. All relationships between ESR and SAR were significant for each salinity level and when the treatments were handled as a composite data . The values of Gapon constant were in the range of (0.0057-0.0259) and (0.0155-0.0425)( mmol.l) -0.5 and Correction for anion exclusion caused an increase by about 18% and 11% for Summel and Zakho sites respectively compared to not corrected samples .
INTRODUCTION
Cation selectivity is the measurement of the relative affinity of surfaces for different cations . Theoretically , it depends on both the properties of surface functional groups and the adsorbed cations , with water playing an intermediary role (Xu and Harsh ,1990) . Knowledge of the factors influencing cation selectivity is fundamental to an understanding of processes such as cation leaching , fertilizer-soil interactions , nutrient supply to plants and reclamation of salt-affected soils (Curtin etal. 1998) . Many theoretical exchange equations have been developed and reported in the literature to describe the equilibrium distribution between exchangeable and soluble cations . Accordingly, numerous cation exchange selectivity coefficients have been determined for different soils to predict cation composition at exchange sites (Sharma etal.1988 ).The Gapon equation is most often used to describe Na-Ca exchange in soil systems (Gapon,1933) . A modification of Gaponʼs equation (U.S. Salinity Laboratory Staff, 1954) permitted its extension to three cation systems by assuming that the divalent cations Ca 2+ and Mg 2+ have equivalent cation exchange ‫الــرافـديــن‬ ‫زراعـــة‬ ‫مـجـلـــة‬ ‫ال‬ ( ‫مجلد‬ 54 ( ‫العدد‬ ) 3 ) 7102
properties. Vertisols occur in almost every major climatic zone of the world with their distinctive properties such as shrinking and cracking when dry and swelling when wet are some of the main features affecting their use and management (Ahmad and Mermut,1996) . Therefore, mismanagement of irrigation on poorly drained Vertisols under semi-arid conditions could lead to waterlogging and soil Salinization (Jutzi etal. 1988 ) . Prevention of soil Salinization is of strategic importance , since a salinized Vertisols by faulty irrigation present an extremely difficult prospect to ameliorate because uniform leaching will not take place due to the water transmitting characteristic of the soil (Hashim,2011) . To the irrigation planner , the understanding of exchange equilibria is important in predicting changes in exchangeable cation properties caused by the use of a given water for irrigation . The present study was carried out on selected Vertisols from Duhok Governorate in northern Iraq to establish the nature of equilibria involving Na + with Ca 2+ and Mg 2+ and obtain Gapon constants to predict cation exchange properties of these soils .
MATERIALS AND METHODS
Two sites representing different locations in the north of Iraq (Summel, Soil-1 and Zakho, Soil-2 of Duhok Governorate) were selected depending in changes in width and depth of cracks (Fayadh,2007) . They were classified taxonomically as (Fin Clay, Smectitic, Superactive, Calcareous, thermic, Cracked, Chromic Haploxerert) (Soil Survey Staff, 2006) . Soil samples were collected at each site from 0-10cm depth, dried in air, passed through a sieve of 2mm. Basic physico-chemical properties are presented in Table (1) . Dry soil samples were equilibrated with different quality waters encompassing four levels of sodium adsorption ratio (SAR) viz. 2.5, 5, 10 and 25 (mmol.l) 0.5 and five levels of total electrolyte concentrations (TEC) viz.5,10, 20, 50 and 100 mmol c .l. Pure chloride salts of calcium , magnesium and sodium were used to prepare different water quality. Procedure outlined by Jurinak et al . (1984) was followed for soil sample equilibration . In 50 ml centrifuge tubes , 4 g of sieved soil was taken and 30ml of a given quality water was added , shaken for 15 min. and centrifuged . This procedure was repeated three times and only the final equilibrium solution was analyzed for Na + , Ca 2+ , Mg 2+ and CIby methods outlined by Tandon (1999) with three replicates for ‫الــرافـديــن‬ ‫زراعـــة‬ ‫مـجـلـــة‬ ‫ال‬ ( ‫مجلد‬ 54 ( ‫العدد‬ ) 3 ) 7102 each soil and water quality . After decanting , the tubes plus samples were weighed . The solution weight was determined by differences and the solution volume by dividing the density of the solution which was calculated by weighing a known volume of the solution . From these data , the final solution SAR and ionic concentration values were calculated for each water quality . The samples were then extracted three times with 30ml solution of 1N NH 4 OAC of pH 8.6 and volume was made up to 100ml and extracts were analyzed for the total Na + and CIions. The method used to calculate the exchangeable sodium NaX and exchangeable calcium and magnesium (Ca+Mg) 0 . 5 X was based on the ion excess concept applied to the charged interface which takes into account the negative adsorption of anions at the interface as outlined by Chaudhari and Somawanshi (2002) . The NaX was calculated as : NaX = T Na -θC ONa Where T Na is the total Na + content ( cmol.kg -1 ) obtained by extracting the sample with 1N NH 4 OAC solution of pH 8.6 and θCo Na in cmol.kg -1 is the soluble sodium content where θ stands for water content in cm 3 /100g and Co Na is the equilibrium concentration of Na + in mmol c .cm 3 . The term (Ca+Mg) 0.5 X was calculated as :
where CEC is the cation exchange capacity in cmolc.kg -1 and V an is the anion exclusion term that account for the anions being repelled from the region adjacent to the negatively charged clay surface , it is a positive number and is calculated using the chloride ion as : V Cl = θC OCI -T CI where terms were previously described . The ESR and ESP were computed as
RESULTS AND DISCUSSION

SAR of equilibrium solution :
The data presented in table 3 and 4 showed that the SAR of equilibrium solution (SAR eq ) decreased compared to the equilibrating solution (SAR iw ) especially at low electrolyte concentration and high SAR. The difference between the two parameters widened with increasing SAR iw . The maximum differences was observed with maximum SAR iw , i.e. 25( mmol.l) 0.5 at all TEC levels and soils being 75.2 , 60.7, 49.4 ,43.6 and 37% for Soil-1 and 88.0 , 83.0 , 78.0 , 69.6 and 62.7% for Soil-2 at 5, 10 , 20 , 50 and 100 mmol c .l -1 respectively . Among the studied soils , differences were perceptible at all TEC levels in the order : Soil-1 > Soil-2. At low electrolyte concentration , high final SAR values were not attained because the dissolution of CaCO 3 and Ca primary minerals added sufficient calcium and magnesium to lower the initial SAR and more at Soil-2 due to the higher percentage of calcium carbonate (table1) , but at higher levels, the difference between SAR eq and SAR iw decreased especially at Soil-1 , because the salinity treatment retard the impact of mineral dissolution because of common ion effect . Jurinak etal., (1984) , Chaudhari and Somawanshi (2002) and Frenkel and Alperovitch (1984) reported similar results. 
Exchangeable sodium (ESR):
The data obtained for exchangeable sodium presented in tables 3 and 4 showed that for the same level of TEC , exchangeable sodium values increased with increase in SAR from 2.5-25(mmol.l) 0.5 for all the soils with an average of 45 and 65% for Soil-2 and Soil-2 respectively. Increase in TEC also increased the NaX . In order to assess the individual contribution of TEC and SAR , NaX was calculated irrespective of these variables separately . Irrespective of TEC , NaX increased by about 2.8-fold and 0.8-fold when SAR was increased from 2.5(mmol.l) 0.5 to 25 and irrespective of SAR , the increase was about 1.3-fold and about 2.1-fold when TEC was increased from 5 to 100 mmol c l -1 for Soil-1 and Soil-2 respectively , though the SAR and TEC of equilibrating solution were increased by 10 and 20-fold , respectively .The results indicated that SAR iw had more of an effect on NaX than TEC at Soil-1 and their interaction was positive in increasing the sodicity hazard of soils . These results are in agreement with Paliwal and Gandhi(1976) , Ponnia etal.(1984) and Chaudhari and Somawanshi(2002) . In Soil-2 , increasing ionic strength at a fixed SAR caused an increase in Na-saturation of soil exchange complex . These results are apparently in contradiction to the theory of diffuse double layer which predicts a decrease in the fractional saturation of NaX with increase in TEC at a fixed SAR . The studied soils are calcareous with small amounts of gypsum and despite their equilibration with chloride salts of Na + , Ca +2 and Mg +2 , it seems that with the increase in TEC at a fixed SAR , the concentration of Ca +2 was also increased which resulted in an increase in the amounts of ion pairs mostly with HCO 3 in the equilibrium solution .This ultimately would have lead to an increase in Na-saturation of soil exchange complex ( Kachoui et al., 1994 and Kopittke et al., 2006) . SAR iw = SAR of equilibrating solution (mmol.l) 0.5 . SAR eq of equilibrium solution . NaX = exchangeable sodium cmol + .kg -1 . ESP 1 = ESP corrected for anion exclusion . K 1 G = Gapon constant corrected for anion exclusion in (mmol/l) -0.5 .
Exchangeable sodium percentage (ESP) :
Data presented in tables 2 and 3 revealed that the ESP increased with increasing SAR and TEC of equilibrating solutions . Irrespective of TEC , the ESP increased from 2.1 to 5.9 and from 4.1 to 7.6 in Soil-1 and Soil-2 respectively when SAR was increased from 2.5 to 25. (mmol.l) 0.5 Similarly , increase in TEC from 5 to 100 mmol c l -1 increased ESP from 3.3 to 4.5 and 3.69 to 7.8 for the same sequence above when considered irrespective of SAR . It seems that the lowered CEC and higher exchangeable sodium of Soil-2 are the main reasons for higher ESP.. Additive effects of 100 mmol c l -1 total electrolyte concentration and 25 mmol/l 0.5 sodium adsorption ratio recorded the highest level of ESP (12.88) in Soil-2 compared with 7.05 in Soil-2 . An increase in ESP was observed when correction for anion exclusion was calculated especially at higher TEC level and more so in Soil-2 (from 4.5 to 8.4 when SAR was increased from 2.5 to 25 (mmol.l) 0.5 and from 3.7 to 9.6 when TEC was increased from 5 to 100 mmol c l -1 . However, at lower TEC level (5 mmol c l -1 ) , such effect was not noticed at both sites. It is clear that for chloride rich waters anion exclusion play a significant role and should be corrected for a precise assessment of soil sodicity as was emphasized by Jurinak etal.(1984) , Amrhein and Suarez (1991) and Chaudhari and Somaawanshi (2002) .
4-ESR-SAR relationship and Gapon constant (KG) :
The regression of ESR on SAR presented in table 4 showed a significant regression coefficient when each level of salinity is statistically analyzed and when the treatments were handled as a composite data set and which indicate that the Gapon relationship is valid . The data revealed that correcting for anion exclusion increased R 2 values . Data obtained on Gapon selectivity coefficient are presented in tables 1 and 2. The values of Gapon constant were in the range of (0.0057-0.0259) and (0.0155-0.0425)( mmol/l) -0.5 in Soil-1 and 2 respectively. They decreased with increasing salinity (TEC) and SAR at soil-1 which suggests an apparent increasing preference for Ca 2+ and Mg 2+ by the exchange phase(lower KG values) . The values of Soil-2 showed the same trend with increasing SAR but there mean were almost constant with increasing salinity and a comparison of data on KG revealed that Soil-2 showed higher values compared to Soil-1 at all interaction of TEC x SAR and could be caused by higher effect of calicum and magnesium ions causing a decrease in SAR of the equilibrating solutions as outlined in table 3 , the decrease in SAR has the effect of causing an apparent increase in KG . Under the studied TEC and SAR range of equilibrating solution , these soils exhibited differential affinity for Ca 2+ and Mg 2+ or Na + ions . A cursory survey of the literature reveals published KG values ranging from as low as 0.005 (Jurinak etal.1984) to > 0.03(mmol/l) -0.5 (Miller etal.1990; Chaudhari and Somawanshi 2002) . Such variability of KG makes an accurate prediction of the NaX from the SAR measurement difficult unless supporting data are available . This investigation showed that among soil factors influencing the ESR-SAR relationship are . (1) organic matter content which has a high affinity for divalent cations and correspondingly lowering the KG (Haghina and Pratt,1988) . (2) Cation exchange capacity where selectivity for Na + decreased as CEC increases (Miller etal.1990) . The values of KG obtained in this study especially at Soil-1 are much lower than the value of (0.0154 mmol/l) -0.5 ( U.S. Salinity Laboratory Staff 1954) and could , in part , be due to the use of the Polemio and Rhoades(1977) method for determining CEC . As outlined in table 1 Soil-1 has higher values of organic matter and cation exchange capacity and accordingly showed lower values for selectivity .(3) the interaction of salinity and clay mineral type is considered a prime factor and may influence CEC and cation preference of the exchanger . The mineralogical analysis results outlined by Fayadh(2007) on selected soils of this study showed that the dominant minerals were Smectite , Illite , Kaolinite , Vermiculite , Palygorkite and the stratified minerals . Despite the fact that the Smectitic minerals were dominant in the studied area , Kaolinite content increased in Soil-2 in addition to Palygorkite which was rare in Soil-1 and common in Soil-2 on the account of Smectite and associated with high calcium carbonate . Kopittke etal.(2006) indicated that for the expanding 2:1 clay minerals , their preference for Ca 2+ increased with increasing ionic strength unlike the minerals in which external exchange sites dominated where they show an increase preference for Na + . Correction
for anion exclusion caused an increase in the values of KG by about 18% in Soil-1 and 11% in Soil-2 compared to not corrected samples . 
